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REMARKS 



Applicant has studied the Office Action dated December 28. 2001 and ha^ made 
amendments to the claims. It is submitted that the application, as amended, is in condition for 
allowance. By virtue of this ^endment. claim. 1 A 6-16, 25-27, and 32-36 are pending. 
Claims 5 and 28-31 have been canceled without prejudice. Claims 1, 7, 11, 12, 15, and 25-27 
have been amended, and new claims 32-36 have been added. Reconsideration and allowance of 
tl.c pending claims in view of the above amendment, a^d lixe following remark, are respectfully 
requested. 

The p«,p<«ed drawing com»tlon fU«d m Applta^'. Pi-io». v~ ^vcd 

by the Ex^iner. AppUc«« is now in process of ob«intog oor^ formal drawings, and 
will foiwarf them to the Examiner as soon as they are available. 

Claims 1-16 were reieoted under 35 U.S.C, § 1 12. second paragraph, as being indefinite 
as the invendon. The claims have been amended ,0 remove rhe language *at "^ ^^ 

doped- or ■subs.antiaU,lower.Moped..tisrespec*.l.sub.ni«ea*at.l„m«^^^^ 
poL^l^esrllconthatUsubstar^laUynotdoped-wo^dbe Clearly unaersroodbyoneof 

!rfZaMnh,,h.s.Fu,^..besp..«ca«ondoesprovideas,anda,dfor — 
JIde^wi.hrespect.osuchl..^a^. ^ s^cification a. 7.0^23. A^Ucan. 
^speoAUysnbmiuaratallpendingclaimsarenowclearanddefini.. Th-efore.« s 

, • ^.i=?T,.« I 16 undpr-^S U.S.C. §112, second paragraph, 

respectfully submitted that the rejection of claims 1-16 under u. 

should be withdrawn. 

CWm, 1-7. 10. .1, and25 27 were rei«.ed under 35 US.C. 8 mO'->'.''^m 

^eip^ed^ BcingU. <V.S. Pa.en.No. 5,14,,S,2, Claim S was ""^^ 
§103(a)asbeingnnpat=mableov«Bein8lassi„viewofAlspec.ore.al.(USPa.=n.No. 
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4 441 249). Claims 9 and 14 wet^ rejected under 35 U.S.C. § 103Ca) as being ui^patentable over 
Bein^«ss in view of Alspector et al. and Wang et al. (U.S. Patent No. 5,646,061). Claims 12. 13, 
15 and 16 were rejected under 35 U.S.C. § 103(a) as being unpatentable over Beixiglass. Claxm 

5 ^ been canceled so» with respect to this claim, these rejections are moot. Wtlh respect to 
claims 1-4, 6-16. and 25-27, these rejections are respectfully traversed. ■ 

The present invention is directed to in-situ deposition and doping methods for 
poJycry^alline sUicon layers that pravent the dopant from reaching the sur&ce during a 
subsequent thermal treatment One preferred embodiment of the present invention provides an 
in-situ deposition and doping method for apolycrystalline silicon layer of a semiconductor 
device. According to the method, a first intermediate layer of in-sit,, doped polycrystallme 
.Uicon is grown in a deposition chamber whh a first thido^ess and a first doping level. After the 
first mtermediate layer is grown, the deposition chamber is purged by stopping all gas flowmto 
the chamber and pumping redduol goo out cf the chamber, so as 1« remove all avdlable dopant. 

After purging the deposition chamber, a second additional layer of polycrystalline silicon 
is grown with a second thickness and a second doping level that is lower than the first dopmg 
level Thefirstthicknc«.isgreaterlhantl.c.c.ondthickness. Because the thinner .econd 
additionallayerofpolycrystalline^liconwiihalowerdopinglevel is provided.^ 
prevented ftomreacHng the surface duringasubsequent thermal treatment. Fur^^^^ 
deposition chamber is purgedbetween the growingora.carstiatc„ncdi.tel^^^^ 

additional layer, all of the dopant is removed before the less doped (or non-doped) second 
additional layer is grown and contamination is avoided. 

TTie Beinglass reference discloses a process for depositing a highly doped puly.ihcoa 
layer on a stepped surface so as to achieve enhanced step coverage. However, Beinglass does not 
disclose anin-sim deposition and dopingme^odforapolycrystallinesiUcon layer in wb 

first intermediate layer of in-situ doped polyorystalline silicon is grown inad^^^^^^ 
>vixh a first thidmess and a first doping levd . then ^ r pO^ i fion Chamb er is purged by^Ming 
.... .... ... cham ber . n. p .mpm p residual ^a. . o uf of th. rUn.^, ^nd the^ a second 

additional layer of polycrystalline silicon is grown withalower second tMcknessandalow^ 
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second doping level, as is recited in amended claim 1 . Amended claim 1 5 contains sinular 
recitations. 

^ Similarly, Beinglass does not disclose an in-situ deposition and doping method for a 

polycrystelline sUicon layer in which a first intermediate layer of in-situ doped polycrystalUne 
dlicon Is gro>vn >vith a first thickness and a first doping level, and a second addition!»l l«yar of 
polyciystalline silicon is gnDwn with a second thickness and a second doping level that is lower 
than the first doping level, .»Ht>i ti,^ first thickness being at least abptit S times greater tfaan . the 
^rxmA thickncsa. as is recited in amended claim 25. 

The Beinglass reference discloses a process for depositing a doped polysilicon layer by 
depositing a series of thin polysilicon layers th^t are alternately doped and non-doped. A thermal 
amicalii^ step Is tlien perfonncd to distribute the dopant in the doped layers throughout all of the 
polysilicon layers in a uniform, homogeneous way. In Ihe process of Beinglass. deposition of the 
doped polysilicon layer is earned out by flowing a source of silicon, a source of dopant, and an 
optional carrier gas into a dcpo.iilou cl^nber. Tlicn, "the flow of the dopant source is shut off, 
while the source of silicon continues to flow into the deposition chamber" to deposit the non- 
doped polysilicon layer. Beinglass at 4:17-22. After deposition ofihe non-doped polysilicon 
layer is completed, "the flow of dopant is again started" to deposit another doped polysilicon 
layer, and this is repeated until the desired thickness of polysilicon has bee^ deposited. at 
4-22-37 Thus, Beinglass discloses depositing a non-doped polysilicon layer on a doped 
X polysilicon layer by simply shutting off the flow of the dopant source gas while the silicon source 
gas continues to flow into the deposition chamber. 

In contrast, in the embodiments of the present invention recited in amended claims 1 and 
1 5, the deposition chamber is purged (by stopping all gas flow into the chamber and pumpmg 
residual gas out of the chamber) after the first intermftdiHte layer is grown. Only after the 
deposition chamber ha« been purged to remove all available dopant is the second additional layer 
of polyctystaUine silicon grown. .Sudrpu^^ g^^^'^S 
of the first intermediate laycQad-the second additional layer is necessary to prevent 
contami^ia^on^fthex^nd.^^^^^ ^^^^ "^'^^^ 

^ or siIii^'^1r;^eposition and doping method for a polycrystalline silicon layer in which the 
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deposition chamber is purged after the first intermediate layer is grown so as to remove all 
available dopant, and then a second additional layer of polycrystalline silicoti is grown after the 
ptixging of the deposition chamber. 

Further, in the process of Beinglass, both doped polysilicon layers and non-doped 
polysilioon layers are repeatedly deposited to a thickness of between 400 and 800 Angstroms so 
as to sum to a total thickness of between 1 500 and 4000 Angstroms. Beiriglass never teaches or 
suggests performing the deposition such that a doped polysilicon layer is thicker than a non- 
dnped polysilicon layer. With the disclosed thickness range of between 400 and 800 Angstroms 
for each of the doped and non-doped polysilicon layers, the most that is disclosed is a non-doped 
polysilicon layer of having a thickness of 400 Angstroms overlying a doped polysilicon layer 
having a thickness of 800 AtiE^iroms. Thu.s, at most. Beinglass discloses that the thickness of the 
doped polysilicon layer is 2 times greater than the thickness of the non-doped polysilicon layer. 

In contrast, in the embodiment of the present invention recited in amended claim 25. a 
lc35 doped (or non-doped) polydUco» layer is grown over a doped polysilicon layer, with the 
thickness of the doped polysilicon layer being at least about 8 times gt«ater than the thickness of 
the non-doped polysilicon layer. Because of these relative thicknesses, the average doping level 
of the doped polysUicon layer is not significantly changed by diffusion of the dopant to the less 
doped (ox non-doped) layer in any subsequent thermal treatment. This allows the dopant io be 
prevented from reachmg the st^rface during a subsequent thermal treatment, without significanUy 
changing the average doping level in the Ihennal trc»Uiieut. 

Beinglass does not teach or suggest depositing polysilicon layers such that a doped 
polysilicon layer is at least about 8 times thicker than a less doped (or non-doped) polysilicon 
layer. In fact, Figures 4-7 of Beinglass disclose depositing doped polybillcou layers diat arc 
thinner than non-doped polysilicon layers. Furthermore, Beinglass is directed to producing a 
doped polysilicon layer that has better step coverage, and achieves this by alternately depositmg 
doped and non-doped polysilicon layers. As explained in Beinglass, this produces better step 
coverage because the non-doped polysilicon layers are deposited more uniformly so as to more 
quickly fill low areas such as trenches. In other words, the nOn-doped layers act to fill low areas 
that would be filled much slower by the deposition of a doped layer. Thus, in the process of 
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Beinglass, if the non-doped polysiUcon layer was made substantially thinner than the doped 
pnlysilicon layer (as in the present invention), the process would not be able to achieve the better 
step coverage that is desired. Accordingly, it is submitted that Bemglass^tu^lyt^^ 
from growing a doped polysilicon layer that is substantially thicker than a less doped (or non- 

doped) polysilicon layer 

Applicant believes that the differences between the Beinglass and the present invention 
are clear in amended claims 1. 15, and 25, which set forth m-situ deposition and doping methods 
according to various embodiment, of the present invention. Therefore, claims 1. 15. and 25 
distinguish over the Beinglass reference, and the rejections of these claims mider 35 U.S.C. 
§ 102(b) and 35 U.S.C. § 103(a) should be withdrawn. 

As discussed above, claims 1, 15, and 25 distinguish over the Beinglass reference. 
Furthermore, the claim ed features of the present invention are not realized even if the teachings 
of Alspeclor and W*.ug me incorporated into Beinglass.' Neither Al^pcotor nor Wang teachea or 
suggests the claimed features of the present invention that are absent from Beinglass. Tlius. 
claims 1, 15, and 25 distinguish over the Beinglass. Alspector, and Wang references, and thus, 
claims 2-4, 6-14. and 27. claim 16. and claim 26 (which depend from claim. 1. 15, a^uJ 25, 
respectively) also distinguish over Ac Bemglass, Alspector, and Wang references. Therefore, it 
is respectfully submitted that the rejections of claims 1-4, 6-16, and 25-27 under 35 U.S.C. 
§ 102(b) and 35 U.S.C. § 103(a) should be withdrawn. 

Claims 32-36 have been added by this amendment, and are provided to further define the 
invention disclosed in the specification. Claims 32-36 are allowable for at least the reasons set 
forth above with respect to cl.im« 1 -4. 6-1 6, .nd 25-27. Additionally. Applicant submits that 
Beinglass does not disclose growing a first polysilicon layer with a first Ihickness and a first 
doping level, growing a second polysilicon layer with a second thiclcness and a lower second 
doping level, and performing a subsequent thennal treatment, with the first thickness bemg 



Applicant makes no statement as to whether such a combination is even proper. 
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greater than the ^ond thickness such that the average dopir^ level of the fi^st polysilicoti layer 
after tiie thermal treatment is at least about 1 1 atoms/cm\ 

Further, it is submitted that such a resulting dopant level is supported by the specification. 
In particular, the specification states that a doped polysiHcon layer has a doping level ofl^^lO" 
«*n,ii«/cm' and that in one embodiment the second additional polysilicon layer has a substantially 
lower dopant level of 1 xlO" atomsW. The specification also states that in a preferred 
embodiment a 10:1 ratio is maintained betweenthe thicknesses of the doped polysilicon layer 
and the second additional polysilicon layex, With sncb dopant levels and thicknesses for the two 
polysiUcon layers, the performance of a subsequent thermal treatment to difluse the dopant 
results in an average doping level of the first polysilicon layer of about lxlO« atoms/cm^ 
Beinglas3 does not teach or suggest depoBiting a doped polysilicon layer and a less doped 
polysilicon layer with thicknesses and doping levels such that after a thermal treatment the 
average doping level of the doped polysiUcon layer is at least l^io'^ atoms/cm^ 

In view of the foregoing, it is respectfully submitted that Ihe application and the claims 
are in condition for allowance. Reexamination and reconsideration of tiie application, as 

amended, arc requested. 

If for any reason tiie Examiner finds the application otiier than in condition for allowance, 
the Examiner is invited to caU the undersigned anomey at (561) 989-98 1 1 .hould Oxc E™.er 
believe a telephone interview would advance the prosecution of the application. 

KespectfuUy submitted. 

Date: June 22 2002 st^b^nB^m ^ 

Registration No. 40,?17 
Attorney for Applicant 
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APPENDIX 

IN THF. CLAIMS : 

1 . (Twice Amended) An in-situ deposition and doping method for a poiycrystalline silicon 
layer of a semiconductor device, said method comprising the steps of: 

^..Ar.^ iT. » Hp pnftifi(>n chamber, a first intermediate layer of m-situ d oped 
polycrystalline silicon with a first thickness and a firstdopinglevel^ 

af,^ pr»tvi» p the first int^ediate laver. r "r^ ? deposition chamber hy stopping all . 
-flnw into the chamber and oim^ pino r^sidnal gas oiit of the chamber, so a.q to temove all 
^variable dooant: and 

^fter purring the < 1^ pn..jtiQn chamber, growing a second additional layer of polycrystalUne 
silicon with a second thickness and a seconddo ging level that is lower than Ae firgt dopinglevel. 

wh^winj hfl first thickness is [substiuitiany] g reater than the second thickness [so that the 
average d^h^k^l resulting fiom a summation of the first intermediate layer and the second 
additional layer is not significantly changed by dimision of doping atoms fix^m the fust 
intormediote layer to the second additional layer]. 

7. (Twice Amended) The in-situ deposition and doping method as defined in claim 1, 

furtlicr comprising the step of: 

performing a subsequent thermal trealinent to diffuse dopant from the first intermediate 

layer to tiie second additional layer, 

wherein the average doping level [resulling fxoa. tl.e suinn.e.tion) of the first intermediate 
layer [and the second additional layer is not significantly changed by] after Ihe thermal t^atinent 
is at least ab ""t 1x1 f)'^ atoms/cm^ 

11. (Twice Amended) The in-situ deposition and doping method as defined in claim 10, 

fhrther comprising the step of: 

performing a subsequent thennal treatment to ditluse dopant from the first intermediate 

layer to the second additional layer. 
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wherein the average doping level [resulting from the summation] of the first intermediate 
Uyei [and t>,« ..ftcnnd additmnal layer is not significantly changed by] ^ the thermal treatinent 
is at least about IxlO'^ ^ toms/cm^ 

12. (Twice Amended) The in-situ deposition and doping method as defined in claim 10, 

further comprising the step of: 

performing a subsequent re-oxidation treatment to diffiise dopant from the first 

intermediate layer to the second additional layw, 

wherein the average dopmg level [resulting from the sutnmation] of the first intermediate 
layer [and the second ad(Htional layer is not significantly changed by] aft^ the re-oxidation 
UeaUueul f *, )east abn »ii 1x10" atoms/cm^ 

15. (Twice Amended) An in-situ deposition and doping method for a polycrystalline silicon 
layer of a semiconduulur device, said metliod comprising the steps of: 

Sr. . H^ po^ifion chamber, a first intermediate layer of in-situ doped 
polycrystalline silicon with a first thickness and a first doping level; 

... fi..t i^t^ediate lave r pnr.i n^ Th. depositioD ch, .TTib..r b y stopping all 

fi^w into th - -''-I ^ ^^^idoal f>as onf of the chmh^r, SQ ^ to ^e mQVS^ 

^vailahle do pant: 

^^^,_^^^^^6m^iond^mM. growing a second additional layer of polycrystallme 

silicon writh a second thickness; and 

performing a te^oxidation thermal treatment to diffuse dopant from the first intermediate 

layer to the second additional layer, 

wherein the second additional layer is snbstantially not doped, and 

the first iHckness is [substantially] greater than the second thiclcness [so that the average 

doping level resulting fromasummationofthe first intc^ediate layer and the second ad^^^^^ 

layer is not aignifioantly changed h,' diffusion of dopant from the first intem.ediate layer to the 
second additional layer in the re-oxidation thermal treatment]. 
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25. (Amended) |The] An in-situ deposition and doping method [as defined in claim 1 ,] ^ 
po1v..rv^Al1.-T.e siUc »^ l^ Y^ nf . .emic o ^H...rn. H^vice. said method comprising the steps of: 

prov,Hno a first .nt^^diate lav -r '^- ^-^ nolvcrvstalHnc siliqon with ^ first 

th^r.lfness and ^ir^t '^"P^"g tevel: and 

^.^..^r- - ' -'^-^'^""^^ r.i y^.t.ntn. silicon with . second thicl^e sSJSda 

sect^nd dopinp IftVftl that is Inwer than the first doping level. 

Wherein the first thickness is at least about 8 times greater than the second thickness. 

26. (Amended) The in-situ deposition and doping method as defined in claim [1] 21 >^*erein 
the first thickness is at least about 1 0 times peater than the second thickness. 

27. (Amended) The in-situ deposition and doping method as defined in claim 1. wherein the 
polyctystalline siUcon layer of the semiconductor device consists of only the first intermediate 
layer and the [sub^tially] ovetlving thinner second additional layex that provides « barrier 
during [a re-oxidation] anv stibseauent thermal treatment. 
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